SYNOPSIS
SYNOPSIS Oral contraceptives can cause liver damage and jaundice but this is very rare in women in the United Kingdom. The drugs are contraindicated where there is a history of recurrent intrahepatic cholestasis of pregnancy and acute or chronic disturbance of liver function which can be congenital or acquired. It is not yet known whether the oestrogenic or progestogenic components of oral contraceptives cause the hepatic abnormalities. The available data suggest that neither oestrogens nor progestogens in low doses impair hepatic excretory processes. The full implications of the continued administration of oestrogens and progestogens for many years on liver proteins are not yet known.
The introduction of oestrogens and progestogens as antifertility agents has meant that very large numbers of women are receiving treatment with steroids for many years. It is important that the potential toxicity of these substances should be appreciated. The liver plays a central role in the metabolism of oestrogens and progestogens and it is becoming obvious that these substances can act directly or indirectly on the liver to produce a variety of biological effects which have both physiological and pathological significance.
Most oral contraceptives are offered as combinations of a synthetic oestrogen and progestogen or in a sequential fashion with oestrogen alone during most of the cycle followed by a combination of oestrogen and progestogen during the final five days. Modifications have involved gradual reduction of the amount of progestogen as well as the introduction of new synthetic progestogens. The reduction of the progestogen component means that the oestrogen becomes the major contraceptive factor. The lower doses now given decrease such side effects as headache, weight gain, and nausea. The preparations given in sequential fashion rely on the oestrogen component for their contraceptive action.
One of the difficulties for the non-expert in this field is understanding the nomenclature of the steroids and remembering the trade names involved. Table I gives the names and components of some of the more commonly used oral contraceptives. The structures of these substances is shown in Figure 1 .
Several new approaches have been made in this field recently. One of these is the administration of a low daily dosage of an oral progestogen such as 0.5 mg chlormadinone acetate alone. Larsson- Cohn and Stenram, 1965; ,Baines, 1965; Elliott and Hendry, 1965) or series of women taking oral contraceptives in whom there was no evidence of liver damage (Swaab, 1964; Swyer and Little, 1965) . In spite of these latter reports it is now clear that there is a relationship between oral contraceptive therapy and liver damage. About 100 cases of jaundice attributable to oral contraceptive therapy have been published but it is said that these represent only 10% of the cases reported to the various pharmaceutical companies (Hartley, Boitnott, and Iber, 1969) . Additional cases are known but have not been reported so it is difficult to arrive at a true incidence but an estimate of one case of jaundice per 10,000 women taking oral contraceptives has been suggested in the United States (Schaffner, 1966 ). There appears to be a wide spectrum of hepatic abnormalities that appear with the use of these drugs. For the purpose of this review we can classify these into (1) abnormalities in nonjaundiced women and (2) jaundice in women associated with oral contraceptives.
HEPATIC ABNORMALITIES WITHOUT JAUNDICE
Alteration can occur in certain liver tests in 'normal' women taking oral contraceptives if they are looked for at the correct time. These abnormalities are found during routine screening or investigational programmes of women taking the drugs and may consist of abnormalities of bromsulphthalein retention, plasma enzyme activity, plasma proteins, or liver histology.
Bromsulphthalein retention This has been found in about 10 to 40 % of women taking oral contraceptives although it is usually not greater than 15 % retention, is often transient and disappears while the woman continues to take the drug (Goldzieher, 1964; Rice-Wray, 1964) . In general the larger the dose of the progestogen the more bromsulphthalein is retained but in the individual patient increasing the dose will not necessarily increase bromsulphthalein retention (Schaffner, 1966) . The increased bromsulphthalein retention is associated with a decrease in the maximal transport of bromsulphthalein into the bile but there is no change in the storage capacity for the dye (Kleiner, Kresch, and Arias, 1965) .
Aminotransferases
It has been reported that there is no elevation of plasma aminotransferase levels in women taking oral contraceptives (Swaab, 1964) . However, in other series levels were raised in 6 to 7 % (Larsson- Cohn and Stenram, 1965) and in 16 to 18% (Eisalo, Jarvinen, and Luukkainen, 1965) (Borglin, 1965) .
The increased aminotransferase levels noted with oral contraceptive administration often disappear within one month of therapy (Schaffner, 1966) so their recognition may require determinations to be made frequently in the early stage of administration. Larsson-Cohn (1966) noted that there was an increased incidence of abnormal aminotransferase values towards the latter part of each menstrual cycle and that the abnormalities were more frequent during the early months of taking oral contraceptives. These values returned to normal during continued administration of the drugs. Failure to do these tests frequently or to do them too long after beginning therapy may be the cause of the previous negative reports (Swaab, 1964; Swyer and Little, 1965) . That this reaction occurs at all with the antifertility drugs and is more severe when the patient is jaundiced suggests that cellular organelles have been disorganized to some extent. This must be considered an undesirable change, although nothing is usually seen on electron microscopy of the liver.
Alkaline phosphatase
The elevation of serum alkaline phosphatase activity in pregnancy is well documented; the bulk of evidence suggests that it arises in the placenta (Boyer, 1961; Birkett, Done, Neale, and Posen, 1966) . This evidence cannot explain the frequent increase in serum alkaline phosphatase associated with oestriol or oestradiol administration (Mueller and Kappas, 1964a) and various oestrogen-progestogen combinations (Eisalo et al, 1965; Larsson-Cohn, 1965 ) which may come from the liver. Kreek, Weser, Sleisenger, and Jeffries (1967c) found a slight rise in the mean value for serum 5'-nucleotidase activity in six women receiving ethynyloestradiol. This enzyme, like alkaline phosphatase, is located in the excretory surface of the liver and has been considered highly specific for hepatic disorders, especially intrahepatic cholestasis (Hill and Sammons, 1967) . These observations suggest that the raised alkaline phosphatase level in oestrogen-progestogen administration may be of hepatic origin and may be related to functional alterations involving the hepatic excretory mechanism.
Other enzymes The level of serum ornithine transcarbamylase is raised in pregnancy (Reichard, Wigvist, and Yllener, 1961) and during the first month of oral contraceptive therapy (Brohult and Westgren, 1965) . The level of serum leucine aminopeptidase is raised in pregnancy (Green, Tsou, Bressler, and Seligman, 1955) . This increase is due to at least two isoenzymes ('oxytocinase') arising in the placenta and is not found in patients receiving oestrogen or progestogens (Robinson, London, and Pierce, 1966) . Serum pseudocholinesterase activity is decreased in pregnancy (Pritchard, 1955) as it is in liver disease and may be due to decreased synthesis. Various oral contraceptives depress serum cholinesterase activity (Robertson, 1967) .
Plasma proteins A decrease in total serum protein and albumin has been well documented in pregnancy. Musa, Doe, and Seal (1967) showed a similar but less marked effect after giving oestrogen or oestrogenprogestogen contraceptive tablets. Starch gel electrophoresis of serum from pregnant women shows a zone migrating in the o2-globulin region which is absent in non-pregnant females (Robinson et al, 1966) . This 'pregnancy zone' can be produced by administering oestrogen (Musa et al, 1967) or oestrogen and progestogen (Afonso and de Alvarez, 1963) . Fibrinogen levels are increased in pregnancy (Phillips and Skrodellis, 1958) and also by oestrogen-progestogen combinations (Beller and Porges, 1967) .
The carrier proteins are increased in pregnancy and during administration of oral contraceptives. Caeruloplasmin levels are increased in pregnancy (Sass-Kortsak, 1965 ) and also after giving ethynyloestradiol (Musa et al, 1967) . Transferrin levels are raised during the latter part of pregnancy (Ventura and Klopper, 1951) but oestrogen treatment does not alter the serum level (Musa et al, 1967) . Serum haptoglobin is normal in pregnancy (Nyman, 1959) but is decreased by oestrogen administration (Musa et al, 1967 ). An increased serum-binding capacity for thyroxine (Dowling, Freinkel, and Ingbar, 1956) , cortisol (Slaunwhite and Sandberg, 1959) , and testosterone (Pearlman, Crepy, and Murphy, 1967) has been found in pregnancy, presumably indicating increased concentrations of thyroxine-binding globulin, cortisol-binding globulin, and testosteronebinding protein respectively. These proteins increase during pregnancy reaching a maximum during the third trimester. Oestrogen administration can produce an increased serumconcentration of thyroxine-and cortisol-binding globulins (Musa, Seal, and Doe, 1965; Musa et al, 1967; Katz and Kappas, 1967 ) and testosterone-binding protein (Pearlman et al, 1967) .
Liver histology
The administration of 50 to 200 mg oestradiol to patients without liver disease did not produce alterations in the histological appearance of the liver when examined by light microscopy although bromsulphthalein metabolism was impaired (Mueller and Kappas, 1964a) . Kleiner et al (1965) did not find any alteration in liver biopsy specimens when examined by light and electron microscopy in normal women who had taken an oral contraceptive preparation for several months. On the other hand, Larsson-Cohn (1967) noted changes in electron microscopy examination of liver biopsy specimens taken from women who had normal liver function tests, using ovulatory suppressants. These changes included dilatation of the canaliculi, shortening or disappearance of microvilli, intracytoplasmic dense bodies, myelin figures, and dilatation of the smooth endoplasmic reticulum.
Some evidence suggests that postmenopausal women are more frequently affected than premenopausal women. Twelve Scandinavian women taking doses usually employed for contraception and four Australian women taking higher doses for the treatment of carcinoma had values between 20 and 40 % for bromsulphthalein retention (Eisalo et al, 1964; Palva and Mustala, 1964; Stoll, Andrews, Motteram, and Upfill, 1965) . In most patients the aspartate aminotransferase level was raised to between 200 and 800 units but the alkaline phosphatase level was normal. In five subjects the serum bilirubin level was raised. In all except one case in the carcinoma group the liver tests returned to normal on cessation of therapy. jaundice (Fig. 2) . This has now been recorded in at least 100 cases. Most of the initial cases were from Scandinavia (eg, Thulin and Nermark, 1966) but reports from England (Baines, 1965) , Canada (Elliott and Hendry, 1965) , the United States (Boake, Schade, Morrissey, and Schaffner, 1965) , and Chile (Orrellana-Alcalde and Dominguez, 1966) indicate that the syndrome is widespread. The case histories are remarkably similar. After taking oral contraceptives for two weeks to several months (usually four weeks or less) the subject notices anorexia, malaise, nausea, and pruritis. Dark urine and jaundice then appear but fever, rash, arthralgias, and severe systemic symptoms are usually absent. Physical examination is usually unremarkable except for the jaundice and, with the exception of liver function tests, laboratory investigations are unhelpful. The serum bilirubin is usually in the range 3 to 10 mg/100 ml and is mostly conjugated. The aminotransferase levels are increased and values of 1,100 and 1,600 units for the aspartate and alanine aminotransferases respectively may be obtained. The possibility of viral hepatitis with these high levels can be excluded by the study of liver biopsies (Thulin and Nermark, 1966 limited to centrilobular areas (Stoll et al, 1965) .
Electron microscopy of the liver shows changes similar to other types of intrahepatic cholestasis with dilatation of bile canaliculi, bile stasis, shortening and blunting of microvilli, and dilatation of the endoplasmic reticulum which often lacks ribosomes (Boake et al, 1965; Larsson-Cohn and Stenram, 1965 (Boake et al, 1965) . In two cases the contraceptives were readministered after remission and the jaundice recurred (Adlercreutz and Ikonen, 1964; Thulin and Nermark, 1966) . A number of women in whom jaundice due to oral contraceptives occurred had previously developed cholestatic jaundice or pruritis of pregnancy.
The disturbed liver function occurring in some patients taking oral contraceptives resembles the changes observed in late pregnancy when hepatic excretory function is disturbed. If this is severe then the patients become frankly jaundiced, usually with each pregnancy. This has been called 'intrahepatic cholestasis of pregnancy' and is a clinical entity, occurring in late pregnancy, characterized by jaundice, pruritis, and bromsulphthalein retention (Fig. 3) . The similarity between this type ofjaundice and that due to oral contraceptives is striking. In both conditions there are a minimum of systemic manifestations; the jaundice is due to conjugated bilirubin, and on removal of the offending steroids, ie, ceasing therapy or parturition, remission occurs. Liver biopsy in patients with intrahepatic cholestasis of pregnancy shows intrahepatic cholestasis indistinguishable from the histological appearances of oral-contraceptive-induced jaundice (Brown, Porta, and Reder, 1963) . Administration of oral contraceptives to these patients precipitates intrahepatic cholestasis (Boake et al, 1965) . These observations show that the normal response of the liver to an increased load of certain steroids, such as occurs in late pregnancy or with oral contraceptives, is a mild alteration of certain hepatic excretory functions, especially the excretion of bromsulphthalein; this effect on the liver resembles that produced by certain anabolic steroids. The response takes a more severe form in a few women in whom intrahepatic cholestasis presenting as recurrent jaundice of pregnancy or jaundice due to oral contraceptives occurs. The reasons for this are not known.
In A number of workers have shown that the standard bromsulphthalein retention test is impaired in some women taking oral contraceptives (Eisalo et al, 1965; Larsson-Cohn, 1965) . The incidence of this abnormality appears to be related in part to the dose of oral contraceptives (Allan and Tyler, 1967 (1964) found that hepatic abnormalities produced in a group of postmenopausal women by lynestrenol and mestranol could be produced by mestranol (oestrogen) alone but not with lynestrenol. Kreek et al (1967c) suggested that ethynyloestradiol could cause hepatic impairment while Urban, Frank, and Kern (1968) found liver dysfunction with mestranol but not with norethynodrel in a patient with jaundice due to Enovid.
Oestriol and oestradiol, when given to human subjects in doses approximating to those produced in late pregnancy, induce bromsulphthalein retention (Mueller and Kappas, 1964a, b) . Utilizing constant infusion techniques there was a decrease in the maximum hepatic transport (Tm) of the dye without a change in storage capacity for the dye. Multiple sampling after a single injection of bromsulphthalein in oestrogentreated women showed that transfer of the dye from the liver cells to the bile was impaired (Kottra and Kappas, 1967) . The appearance of excessive amounts of conjugated bromsulphthalein in plasma during oestrogen treatment is consistent with an increase in the rate of reflux of the dye back into plasma from the liver as observed in pregnancy. Gallagher, Mueller, and Kappas (1960) examined the effects of a variety of natural and synthetic steroids on bromsulphthalein metabolism in the rat. Ten days' treatment with oestradiol and its metabolites, including oestrone and oestriol, produced impaired hepatic disposal of bromsulphthalein. Oestradiol did not alter the hepatic glutathione content or the bromsulphthalein-glutathione conjugating activity.
Other steroids such as testosterone, progesterone, cortisol, and bile acids did not alter bromsulphthalein metabolism. Kreek, Peterson, Sleisenger, and Jeffries (1967a) showed that rats treated with ethynyloestradiol have a delayed clearance of bromsulphthalein, decreased bile flow, and decreased biliary excretion of the administered oestrogen. Forker (1969) gave rats large doses of oestrone and showed that they developed increased permeability of the biliary tree as determined by an increase in the biliary clearance of sucrose and mannitol. Oestrone reduced spontaneous bile flow and the choleretic response to dehydrocholate. On the basis of these experiments, and the finding that the clearance and absolute rate of bromsulphthalein excretion were reduced, he suggested that oestrogen cholestasis may involve enhanced diffusion of materials from bile to blood in addition to inhibition of active transport in the opposite direction.
There is some evidence that the progestogen component may cause hepatic impairment. Marquardt, Fisher, Levy, and Dowben (1961) showed that norethynodrel caused bromsulphthalein retention. Stoll, Andrews, and Motteram (1966) showed that administration of lynestrenol.
the progestogen component of Lyndiol, was associated with raised aspartate aminotransferase levels and with hepatocanalicular damage demonstrated by liver biopsy. Mestranol, the estrogen component of Lyndiol, caused no abnormality. Kleiner et al (1965) determined the maximum transport rate (Tm) and the storage capacity (S) for bromsulphthalein in a group of women taking an oral contraceptive preparation containing norethynodrel and mestranol at ovulation-suppressing doses. After several months of cyclic or continuous treatment the mean hepatic transport maximum (Tm) was reduced from 31 to 60 % ofthe value in normal controls while the storage capacity was unaffected. In two patients in whom the drug was withdrawn the Tm returned to normal within seven days of stopping the drug. Because this effect was not produced by equivalent doses of oestradiol alone they concluded that the progestational steroid (norethynodrel) was responsible for the effect. It is possible that the infusion test will detect more abnormalities in women receiving oral contraceptives than the standard bromsulphthalein test. Progesterone does not impair bromsulphthalein excretion in laboratory animals (Gallagher et al, 1960) or in patients (Mueller and Kappas, 1964a) . It is difficult to draw conclusions from the available evidence. A number of workers have shown that oestrogens in high doses impair hepatic excretory functions. The evidence about progestogens is less definite although it seems as though these substances can also impair hepatic excretion.
The disturbed liver function observed in some patients taking oral contraceptives resembles the changes observed in late pregnancy. Using the conventional bromsulphthalein test, which group.bmj.com on August 15, 2017 -Published by http://jcp.bmj.com/ Downloaded from measures the retention of dye 45 minutes afLer giving a single intravenous dose of a fixed amount of dye, the mean values are slightly higher than normal in pregnant women (Combes, Shibata, Adams, Mitchell, and Trammell, 1963; Tindall and Beazley, 1965) . Blood flow through the liver is unchanged during pregnancy (Munnell and Taylor, 1947) . Infusion of cholephils, such as bromsulphthalein, and the determination of other parameters has increased our knowledge of hepatic transport in pregnancy. In 1933 Soffer showed that the plasma clearance of an infused load of bilirubin was delayed in women in the latter half of gestation. Combes et al (1963) , using the constant infusion technique of Wheeler, Meltzer, and Bradley (1960) , showed a mean increase of 122% in the relative hepatic storage capacity for bromsulphthalein and a consistent and significant decrease in the maximum transport rate (Tm) for dye excretion into the bile. The mean value for Tm in nonpregnant women was 8.5 mg/min whereas in the latter half of pregnancy it was 6-7 mg/min. Tindall and Beazley (1965) used a compartmental analysis of plasma after a single intravenous injection of bromsulphthalein in pregnant women (Richards, Tindall, and Young, 1959) . These authors found a slight increase in the rate of hepatic uptake of bromsulphthalein, a reduction in the rate of excretion of the dye from the liver cell to the bile, and an increased rate of reflux of dye into the plasma. These studies, although measuring different functions, indicate that pregnancy is associated with a significant impairment of the excretory capacity of the liver for bromsulphthalein which occurs at saturating and nonsaturating concentrations of the dye in the liver. The excretory capacity returns to a normal level rapidly after delivery.
When hepatic excretory capacity is severely impaired in pregnancy then the patient develops intrahepatic cholestasis of pregnancy. Adlercreutz, Svanborg, and Anberg (1967) studied a young woman with a history of recurrent cholestasis of pregnancy and showed that between the sixth and eighth months of pregnancy the concentration of conjugated oestradiol, oestrone, and oestriol in bile (obtained by duodenal intubation) decreased even though she was not icteric, suggesting impaired hepatic excretion of steroids despite the continued capacity of the liver to dispose of bilirubin in an apparently normal manner. With the subsequent development of jaundice the biliary concentration of oestrogens decreased further. Kater, Harrison, and Mistilis (1967) , using an abridged modification of Wheeler's method, showed that in 13 patients with intrahepatic cholestasis of pregnancy there was a significant diminution of relative storage capacity and maximum hepatic transport of bromsulphthalein.
A hormonal basis for the pathogenesis of intrahepatic cholestasis of pregnancy has been repeatedly suggested. The characteristic onset during late pregnancy and the subsidence of all signs upon termination has a correlation with the extent of maternal exposure to endogenously produced oestrogens and progestogens. It has been noted that a number of patients who have jaundice due to oral contraceptives have previously had cholestatic jaundice of pregnancy; in the series of 23 patients reported by Haemmerli and Wyss (1967) it was more than 50%. This is more impressive when considering that the incidence ofjaundice in pregnancy is less than 0 1 % (Haemmerli, 1966) . When patients with a known history of cholestatic jaundice of pregnancy were given oral contraceptives (Boake et al, 1965) or a synthetic oestrogen (Kreek, Sleisenger, and Jeffries, 1967b; Kreek et al, 1967c) they developed the signs, symptoms, and laboratory findings of intrahepatic cholestasis which subsided when the drugs were withdrawn. Although the evidence is still circumstantial it seems as though the liver changes of late gestation are related to those seen with the administration of oral contraceptives.
GLUCURONYL TRANSFERASE
Progestational agents have been shown to have an effect on glucuronyl transferase, the enzyme conjugating bilirubin with uridine 5'-pyrophosphate glucuronic acid (UDPGA). Lathe and Walker (1958) showed that formation of bilirubin glucuronide by rat liver slices was inhibited by sera from pregnant women, cord blood, and blood from newborn infants added to the incubation medium. A variety of steroids, including progestational steroids, inhibit conjugation in the same system (Lathe and Walker, 1958) and in liver broken cell or microsomal preparations (Hsia, Dowben, Shaw, and Grossman, 1960; . The effect of pregnanediol and its glucuronide on conjugation has been the subject of several conflicting reports but it seems to depend on the concentration of drugs employed (see Hargreaves, 1968) . Oestrone, oestradiol, and oestriol do not inhibit bilirubin conjugation in rat liver slices (Lathe and Walker, 1958 (Werk, Choi, Sholiton, Olinger, and Haque, 1969) . In the case of oral contraceptives we are condemning young women to years of drug therapy without adequate knowledge of their long-term effects.
The effect of oestrogens and progestogens on the hepatic oxidative metabolism of drugs seems to depend on the experimental methodsemployed. Tephly and Mannering (1968) (Juchau and Fouts, 1966) . Norethynodrel, however, induces a significant enhancement of the metabolism of hexobarbitone in vitro. These authors also found that treatment with norethynodrel and mestranol resulted in a significant reduction in the rate of hexobarbitone metabolism.
It is not certain whether these changes are related to an increase in the amount of microsomal oxidase which is known to be produced after the administration of certain other drugs (Conney, 1967) . Shortening of the duration of action of barbiturates is considered to be indicative of an increase in the level of enzymes that inactivate them whereas enzyme inhibition, on the other hand, will increase the duration of action. Glock and McLean (1953) noted that the activity of glucose 6-phosphate dehydrogenase was twice as high in female rats compared with males. The administration of oestradiol to castrated male rats increases the activity by twoto fourfold (Huggins and Yao, 1959) . This can be prevented by puromycin (Hori and Matsui, 1967) . The increase is in one specific isoenzyme fraction (fraction D) which is increased in females and after oestrogen administration. Dehydroepiandrosterone decreases the concentration of this isoenzyme, suggesting that oestrogen may play a part in glucose 6-phosphate dehydrogenase synthesis.
Oestrogens also increase 8-aminolaevulinic acid synthetase. Increased amounts of this enzyme occur in porphyria, especially in intermittent acute porphyria. Since females tend to be affected predominantly and the condition tends to relapse in pregnancy, it was suggested that the disease may be influenced by sex hormones. This has been shown experimentally by the demonstration that oestradiol and progesterone and some of their metabolites stimulate porphyrin production in chick embryo liver cells growing in primary culture (Kappas and Granick, 1968) . This mechanism involves synthesis de novo of 8-aminolaevulinic acid synthetase. Stimulation of the enzyme also occurs in embryonic erythroid cells (Levere, Kappas, and Granick, 1967) but the most potent inducers are hormone precursors rather than the hormones themselves. Recently Tschudy, Waxman, and Collins (1967) have shown that 4 ,ug of oestradiol reduced the hepatic activity of &-aminolaevulinic acid synthetase followed by an increase in activity, suggesting that it acts as an inhibitor of breakdown rather than a stimulator of its synthesis.
The evidence suggests that oestrogens and progestogens can increase the activity of certain liver enzymes. The effect of the steroids used in oral contraceptives should be determined on these and other liver enzymes so that the effects of long-term administration of oral contraceptives in human subjects can be evaluated.
It is well known that pregnancy in animals increases liver weight but this has never been adequately confirmed in human subjects. In animals repeated doses of oestrogens (Gallagher et al, 1960) and progesterone (Hines, 1967) will increase liver weight. A single dose of oestrogen will not, however, increase liver weight (Thompson, Severson, and Reilly, 1966 ) although it will induce rapid uterine growth. The RNA content of liver is greatly increased in rats during pregnancy , the increase exceeding the increase observed for protein. It seems as though oestrogen is responsible for this increase since oestradiol but not progesterone administered to male rats increases liver RNA (Campbell, Innes, and Kosterlitz, 1953) when administered repeatedly for 10 to 14 days. The rate of incorporation of [1-14C] glycine (Burt and Dannenburg, 1965) and [1-14C] valine (Little and Lincoln, 1964 ) is accelerated in pregnant rats. A single dose of oestradiol (2,ug) which increases the incorporation of [1-14C] valine into uterine protein does not affect the rate of protein synthesis in the liver. There appears to be no record of the effe-t of progesterone on protein metabolism.
